A Gram-stain-negative, non-motile, aerobic and rod-shaped bacterial strain, designated H-12 T , was isolated from a sea squirt (Ciona savignyi) collected from Tsingtao Port, Jiaozhou Bay, China, and its taxonomic position was investigated. Strain H-12 T grew optimally at 25-30 C, at pH 7.0-8.0 and in the presence of 3.0-4.0 % (w/v) NaCl. The 16S rRNA gene sequence of strain H-12 T exhibited the highest similarity to that of the type strain of Amylibacter marinus (95.3 %). A neighbour-joining phylogenetic tree based on 16S rRNA gene sequences revealed that strain H-12 T clustered with the type strain of A. marinus.
During the course of screening of micro-organisms from the sea squirt Ciona savignyi collected from Tsingtao Port (36 04¢ 00¢¢ N, 120 19¢ 05¢¢ E) located in Jiaozhou Bay, China, a Gram-stain-negative bacterium, designated strain H-12 T , was isolated. Comparative 16S rRNA gene sequence analysis showed that this novel strain is phylogenetically most closely related to the genus Amylibacter of the family Rhodobacteraceae. The genus Amylibacter was proposed by Teramoto and Nishijima [1] and Amylibacter marinus is the single species of this genus, which was isolated from Muroto surface seawater, in Japan. Recently, many novel strains belonging to the family Rhodobacteraceae have been isolated from different environments [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The aim of this study was to determine the exact taxonomic position of strain H-12 T using a polyphasic taxonomic approach, including phylogenetic analysis, determination of phenotypic properties and chemotaxonomic characterization.
A sea squirt (C. savignyi) was collected by a scuba diver in Tsingtao Port, Jiaozhou Bay, China, in May 2015, and was used as the source for isolation of squirt-associated bacteria. The inner content of the sea squirt was serially diluted using 0.9 % (w/v) NaCl, and was then spread on marine agar 2216 (MA; Becton Dickinson). Strain H-12
T was isolated after 7 days of incubation and was cultivated routinely on MA at 25 C. A. marinus 2-3 T (=NBRC 110140 T ), which was used as a reference strain, was obtained from the National Institute of Technology and Evaluation (NITE) Biological Resource Center (NBRC). Gram staining was investigated using standard methods [14] . Cell morphology was determined by transmission electron microscopy (H-7650; Hitachi) after cells had been negatively stained with 2 % (w/v) uranyl acetate. Anaerobic growth was determined as described by Gao et al. [15] . Growth at 4, 10, 15, 20, 25, 30, 35, 37 and 45 C was measured on MA to determine the optimal temperature and temperature range for growth for 25 days. NaCl requirement was tested at 25 C for 1 week in modified marine broth 2216 (MB; Becton Dickinson) medium [15] supplemented with 0-8 % (w/v) NaCl (at intervals of 0.5 %). The pH range for growth was tested at pH 2-11 (at intervals of 1 pH unit) at 25 C in MB for 1 week using the following buffer systems: Na 2 HPO 4 /citric acid (pH 2.0-6.0), Tris/HCl (pH 7.0-8.0) and Na 2 CO 3 / NaHCO 3 (pH 9.0-11.0). The pH values were verified after autoclaving. Various phenotypic characterizations were determined according to standard approaches [16] , including activities of catalase and oxidase, hydrolysis of starch, gelatin, DNA, Tweens 20 and 80 and urea and H 2 S production. Hydrolysis of casein and L-tyrosine was tested on MA using the substrate concentrations described by Barrow et al. [17] . Nitrate reduction was investigated as described by L anyí with the modification that artificial seawater (ASW) was used for the preparation of media [18] . Acid production from D-glucose was tested on modified Hugh-Leifson's O-F medium [19] . The Biolog GEN III MicroPlate was used for testing the utilization of various substrates for growth as recommended by the manufacturer, with substrates inoculated with cells suspended in ASW [20] . The API 20 NE kit (bioM erieux) was used for assessing biochemical characteristics according to the manufacturer's instructions, with the exception that the cells were suspended in ASW. In addition, API ZYM tests (bioM erieux) were conducted to examine enzyme activities as described in the manufacturer's manual, with the exception that cells were prepared using ASW for 24 h at 25 C.
For DNA extraction, cell biomass of strain H-12 T was obtained from cultures grown in MB at 25 C for 3 days to the late exponential phase. Chromosomal DNA was extracted and purified according to standard methods [21] . The 16S rRNA gene was amplified by PCR with two universal primers (27F, 5¢-AGAGTTTGATCCTGGCTCAG-3¢; 1492R, 5¢-GGTTACCTTGTTACGACTT-3¢). After purification using an E.Z.N.A gel extraction kit (OMEGA Biotech), the amplified 16S rRNA gene was ligated into the pMD19-T vector (TaKaRa Clontech), which was further sequenced at TsingKe Biotech. Sequence similarity values between the 16S rRNA gene from strain H-12 T and closely related type strains were calculated using the EzTaxon-e server (http://www.ezbiocloud.net/) [22] . Multiple alignments of the 16S rRNA gene sequence of strain H-12 T with those of its related strains were performed using CLUSTAL X [23] . Phylogenetic trees were reconstructed by the neighbour-joining (NJ) [24] , maximum-likelihood (ML) [25] and maximum-parsimony (MP) algorithms using MEGA 6.06 [26] , and were analysed using bootstrapping [27] based on 1000 re-samplings.
For cellular fatty acid analysis, cell mass of strain H-12 T was harvested from MA plates after cultivation at 25 C for 3 days to the late exponential phase. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified via the TSBA 6.0 database of the Microbial Identification System [28] . For analyses of isoprenoid quinones and polar lipids, cell biomass of strain H-12
T was prepared using the same procedures adopted for DNA isolation. The isoprenoid quinones of strain H-12 T were extracted and analysed using HPLC (Elitehplc) with a YMC ODS-A (150Â4.6 mm) column using isoprenoid quinones from Yangia pacifica (CGMCC 1.3455) as a control as described by Komagata et al. [29] . The isoprenoid quinones were eluted by a mixture of methanol and 2-propanol (3 : 1, v/v), at flow rate of 1 ml min À1 at room temperature, and detected by UV absorbance at 275 nm. Polar lipids were extracted according to the procedures described by Minnikin et al. [30] , and separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) using chloroform/ methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension [31] . Individual polar lipids were identified by spraying the plates with 10 % (w/v) molybdophosphoric acid in ethanol, molybdenum blue, ninhydrin and a-naphthol reagents and with Dragendorff's reagent (Sigma) [29, 30] . The DNA G+C content was determined as described by Tamaoka et al. [32] using l-DNA standards as a control with the following modification: genomic DNA was digested to nucleotides with S1 nuclease and alkaline phosphatase, and the resulting nucleotides were then analysed by reversed-phase HPLC (Elitehplc) equipped with a YMC ODS-A (250Â4.6 mm) column; the nucleotides were eluted with a mixture of triethylamine and methanol (8.8 : 1.2, v/v), at a flow rate of 1 ml min À1 at 35 C, and were detected. T ) and esterase lipase (C8). Both strains are Gram-negative; non-motile; negative for reduction of nitrate to nitrite, indole production from tryptophan, arginine dihydrolase, urease, b-galactosidase, and assimilation of glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, n-caprate, adipate, DL-malate, sodium citrate and phenyl acetate; and negative for activity of cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. +, Positive; À, negative; W, weakly positive. The morphological, physiological and biochemical characteristics of strain H-12 T are given in the genus and species descriptions, and in Table 1 and Fig. S1 (available in the online Supplementary Material). The 16S rRNA gene sequence of strain H-12 T determined in this study comprised 1393 nt, which is almost complete, and showed 95.3 % similarity to that of A. marinus 2-3 T . In the NJ phylogenetic tree based on 16S rRNA gene sequences, strain H-12
T clustered with the type strain of A. marinus with a bootstrap resampling value of 98 %, and this cluster joined the cluster comprising the type strains of Halocynthiibacter namhaensis and Pseudohalocynthiibacter aestuariivivens with a bootstrap resampling value of 63 % (Fig. 1) T which is clustered within the phylogenetic clade of the genus Aliiroseovarius, and less than 95.0 % to the type strains of other recognized species.
The major fatty acids of strain H-12
T were compared with those of A. marinus 2-3 T grown and analysed under the same conditions. As shown in Table 2 , the major fatty acids
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Aliiroseovarius pelagivivens GYSW-22 T (KP662554)
Aliiroseovarius halocynthiae MA1-10 T (HQ852039)
Aliiroseovarius sediminilitoris M-M10 T (JQ739459)
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Pseudoruegeria sabulilitoris GJMS-35 T (KJ729032)
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Halocynthiibacter namhaensis RA2-3 T (JWIF01000056) (>10 % of the total fatty acids) detected in strain H-12 T were C 18 : 1 !7c and C 18 : 1 !7c 11-methyl, while those detected in A. marinus 2-3 T were C 18 : 1 !7c and C 14 : 0 . In addition, the fatty acid profile of strain H-12 T was also distinguished from that of A. marinus 2-3 T by the presence of C 18 : 1 !7c 11-methyl. The predominant isoprenoid quinone detected in strain H-12 T was ubiquinone-10 (Q-10), which is common among the majority of members of the class Alphaproteobacteria. The major polar lipids detected in strain H-12 T were phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, one unidentified aminolipid, two unidentified phospholipids and five unidentified lipids. The polar lipid profile of strain H-12 T was found to be similar to that of A. marinus 2-3 T ; however, the polar lipid profile of strain H-12
T was distinguished from that of A. marinus 2-3 T by the presence of one unidentified phospholipid, one unidentified lipid and one glycol lipid (Fig. S4) . The DNA G+C content of strain H-12 T was 52.7 mol%, which is similar to that of A. marinus (Table 1) .
Strain H-12
T was found to be phylogenetically most closely related to the type strain of A. marinus (Fig. 1) , but they showed differences in some phenotypic characteristics including hydrolysis of starch and gelatin (Table 1) , activity of some enzymes and utilization of some substrates, and in some chemotaxonomic characteristics including the composition of the fatty acid profile (Table 2) . Therefore, on the basis of these phenotypic, phylogenetic and chemotaxonomic data, strain H-12
T is considered to represent a novel species within the genus Amylibacter, for which the name Amylibacter cionae sp. nov. is proposed.
DESCRIPTION OF AMYLIBACTER CIONAE SP. NOV.
Amylibacter cionae (ci.o¢nae. N.L. gen. n. cionae of the sea squirt Ciona). 
